This paper is based on a revelatory single-case study that uses a system dynamics model to analyze the costs and policies of a distribution logistics outsourcing process (i.e., the warehousing and transportation activities) of a Brazilian consumer packaged goods (CPG) company. The model considers the costs before and after the outsourced operation startup and how these costs influence the net present value (NPV) of the process. The model's findings suggest policies, such as the reduction of the ex-ante period and the ex-ante reactive and proactive monitoring of operations, to obtain optimal financial results. In addition, the model provides guidelines for the contract lengths and demonstrates that in the outsourcing process, the greatest gains result during periods of low inflation and low interest rates in a stable economy.
Introduction
The logistics outsourcing decision-making process entails the selection of a third party logistics (3PL) provider. The activities performed in this process are highly complex because several functional areas must be involved and internal and external factors must be considered (Wanke, 2004) . In addition, the timing of the processes, such as the evaluation, planning and implementation periods; the transaction costs (Williamson, 1985) ; and the switching costs (Klemperer, 1987 ) must be considered.
Normally, the outsourcing of logistics operations focuses on cost reduction (Lieb & Kendrick, 2003; Maltz & Ellram, 1997) , which is increasingly shared among the outsourcing collaborative partners (Yoon & Nof, 2010) . Operational costs must consider factors such as the relationship with external customers and the service levels, in addition to internal clients and products (Peck et al., 1999; Tsai et al., 2011) . The focus on distribution to external clients implies obtaining 3PL performance data to monitor and increasing customer satisfaction.
Therefore, an evaluation of the total cost of contracting a 3PL provider for distribution must include the traditional logistics costs (Lambert & Emmelhainz, 1999; Clark Junior & Jones, 2008) , transaction costs and the switching costs that occur prior to the start of the outsourced operations (ex-ante) and after the 3PL provider assumes control (ex-post). The transaction costs refer to the costs of, for instance, monitoring the service levels to the end customers (including the costs of hiring personnel to continuously monitor operations), of certification processes and of collecting information (Li & Lin, 2006) . According to Bragg (1998) , the switching costs are related mainly to the problem of the ex-ante low morale of the contracting company employees and the learning of the processes by the new employees hired by the 3PL provider until operations stabilize. These factors generate costs that are not typically considered in an outsourcing process, including primarily the ex-ante costs, which occur prior to the outsourcing of operations. Lambert & Emmelhainz (1999) and McCray & Clark Junior (1999) describe a tendency to focus the logistics outsourcing decision-making on the initial phases of identifying the need to outsource and evaluating and selecting the 3PL provider. Iañez & Cunha (2006) analyze the relevant attributes that should be considered in this decision-making process. Bandeira et al. (2012) analyze a logistics outsourcing failure in a telecommunications company and defend that the strategy of the organization should be aligned with the contracting model. The justification of this research is based on the phases of planning (ex-ante), implementation and stabilization of the outsourced operations (ex-post) and the related costs and policies that may improve the logistics outsourcing process's feasibility (Hong et al., 2004; Wu & Hou, 2010) .
A logistics outsourcing process with a cost reduction focus (Lieb & Kendrick, 2003) yields the classical make/buy decision. Because this type of decision lacks a broad perspective, that is, to "see the trees and not the forest" according to Richmond (1993) , it is impossible to understand whether the results over time were positive. Moreover, exogenous factors, such as interest rates, transportation and warehousing costs, or logistics supplies may impact the results. Internal factors, such as delays in the outsourcing evaluation process and decision-making, may also influence the end results. According to McCray & Clark Junior (1999) and Wanke (2004) , exposing the relations between internal and external factors, regardless of their controllability, is essential for modeling the logistics outsourcing process. The inclusion of internal and external factors in a system dynamics model encourages considering the system as the cause and the effect of its own behavior. Thus, these factors may help to understand what can influence the logistics outsourcing process positively or negatively.
This article conducts a case study based on a strategic vision to understand the feasibility of a logistics outsourcing process by modeling the latter from its conception until its consolidation at the end of the first contract term with the 3PL provider. Consistent with Rahmandad (2008) , complex relationships, delays and feedback processes, all of which are associated with a dependency on one supplier, indicate that systems thinking and the system dynamics method are adequate tools to examine the trade-offs and the policies of a logistics outsourcing process.
Hence, this research aims to present a system dynamics model based on Forrester's seminal work (1971) by considering trust relationships (Kim et al., 2008; Luna-Reyes et al., 2008) and other important factors in the several phases or steps of the logistics outsourcing process, namely, information leakage and employee morale, operational monitoring, and the 3PL employee learning process. This type of model will help to maximize the positive economic results of the outsourcing process for the contracting company.
Literature review

Economic theory and logistics outsourcing
According to Vivaldini et al. (2012) logistics outsourcing from its simplest form to the most sophisticated, as with any other acquisition of logistics services, is a complex activity because it is the purchase of a process; however, it is very different from the purchase of goods or parts of products and components. There are many important studies that describe outsourcing (Vernalha & Pires, 2005; Paiva & Souza, 2012) or logistics outsourcing processes (costs, causes, failures, decision-making, attributes, etc.) (Wanke, 2004; Bandeira et al., 2012; Maloni & Carter, 2006) Besanko et al. (2000) describe how many companies consider outsourcing their manufacturing, transportation and warehousing activities because they believe that their partners are more efficient than they are and are in a position to contribute to the needs of several companies to achieve economies of scope and scale and to develop a level of service competence to reduce their transaction and switching costs.
According to Rindfleisch & Heide (1997) , transaction cost analysis models the firm as a governance structure, and Coase (1937) described that the firms and markets are alternative governance structures that differ in their transaction costs. Specifically, it was proposed that, under certain conditions, the costs of economical exchanges in a market may exceed the costs of organizing this exchange inside the company. In this context, the transaction costs are the costs to make the system work and include the ex-ante (e.g., to write and negotiate contracts) and the ex-post costs (e.g., supplier monitoring) as were argued by Rindfleisch & Heide (1997) . According to Lambert & Emmelhainz (1999) , the contracts are long term, and their costs of monitoring should be considered.
Switching costs, in contrast, are based on the economic perspective of the costs of the decision of changing a product or service with the adoption of a new option (Valletti, 2000) . For some products or services, substantial costs are incurred when there is a change of supplier. The higher the costs, the higher the lock-in effect on the contracting company with the supplier, product or service (Besanko et al., 2000) .
Many switching costs have been proposed in the available literature (Klemperer, 1987; Valletti, 2000) , including transaction costs required to change suppliers (Elzinga & Mills, 1998) , learning costs, know-how costs and employee morale costs (Chaudhury et al., 1995; Lieb & Kendrick, 2003) . In this last case, low employee morale during an outsourcing process may cause a radical productivity reduction (Bragg, 1998) and even cause internal thefts, both of which are important for this study.
A methodological approach to the logistics outsourcing decision-making process
The selection and evaluation of a third-party logistics (3PL) provider in the logistics outsourcing decision-making process has become fairly complex, involving broad functional areas related to internal and external factors. To understand how human decision makers make decisions in a complex, real world settings and to learn how to support those outsourcing processes, particular approaches have been applied. The most applicable approaches for strategic decision-making, representative of our case, can be classified into three categories (Ghiani et al., 2004, p. 19-20) . The first category is (a) benchmarking, which consists of comparing the performance of a logistics system to a "best-practice standard". Although this method may be simple, it yields different solutions in different logistics outsourcing cases; therefore, it can be difficult to draw comparisons among company cases. The second category is (b) simulation, which evaluates the behavior of a particular configuration or policy by considering the system dynamics, as we do. This approach is particularly insightful for strategic decision-making in logistics because managers may evaluate their strategies before investing capital in assets and establishing their logistics system. The third and final category is (c) optimization, which refers to the decision-making process that can sometimes be expressed as a mathematical optimization problem (Zhou et al., 2008) . Continuous approximation methods can be used whenever the number of customers is so sufficiently high that demand can be modeled as a continuous spatial function. This approximation often yields closed-form solutions and thus must be used as a simple heuristic (Feng et al., 2011) . Moreover, approaches based on multicriteria decision-making (Menon et al., 1998) , multivariate statistical techniques (Qureshi et al., 2008) and combined methodologies (Bottani & Rizzi, 2006; Ho et al., 2012; Buyukozkan & Cifci, 2012) have been proposed to address the logistics outsourcing problem (i.e., to select or to evaluate a 3PL provider). Chai et al. (2013) provide an extensive list of references related to decision-making techniques. We urge the use of dynamic methods to simulate a real case.
Therefore, system dynamics (SD) as a simulation approach is used in this study because it provides an integrative, organizing structure for complex and dynamic systems (Forrester, 1971) . The integrative process of logistics outsourcing creates relevant feedback in terms of flows, thus making SD a well-suited modeling and strategic analysis tool for the logistics outsourcing decision-making process. According to the Iceberg Principle of (Kim, 1999) , system structures are the forms according to which the parts of systems are organized; therefore, any causal relation between important variables and system factors can be studied (Larsen et al., 1997) . This ability to study causal relations is one of the most important gaps in logistics outsourcing studies (McCray & Clark Junior, 1999) . Knowing the dynamics of the logistics outsourcing process, the results show the variations in key performance indicators and indicate whether the financial objectives of the process were reached. These aspects are rarely mentioned in the literature because they involve logistics outsourcing or other types of outsourcing projects (McCray & Clark Junior, 1999) .
Systems dynamics is an approach that uses cognitive and computer simulation tools to understand complex management problems (Pidd, 1996; Capelo & Dias, 2009 ). The authors assume that the reader is familiar with most SD mapping tools, but a brief introduction follows. For the model-building step, certain tests suggested in the SD literature were used, such as the behavior reproduction test, the integration and time step integration errors tests and the extreme conditions test (Roberts et al., 1983; Sterman, 2000) .
Flow diagrams and causal loop diagrams are used to represent relations and strategy problems (Sterman, 2000) , as in our study. Flow diagrams, when combined with causal loop diagrams, allow users to view how various stocks and flows in the system influence each other and how feedback enters the system (Kim, 1999) . Figure 1 shows an example of a savings account in a flow diagram format. The double-lined arrow flows out of a cloud, which indicates the limits of the system (source). On the other side, the double-lined arrow ends in a cloud, which indicates the system's other limit. The interest rate is a constant that affects only the net balance of the savings account.
Finally, delays constitute a critical piece of system dynamics (Rahmandad, 2008). They are responsible for generating instability and oscillations in the system (Sterman, 2000) . Delays can affect the evolution of cognitive factors (Rahmandad, 2008 ). An important factor in most types of delays is the time span of the delay or the amount of time that an outflow takes to react to an inflow (Roberts et al., 1983) . There are two types of delays: (1) material delays, which capture the physical flow, for example, products moving in a supply chain, and (2) information delays, which represent a gradual adjustment of perceptions or beliefs. All beliefs, expectations, forecasts and projections are based on the information available to the decision maker at a given point in time. Time is required to collect information, and people do not change opinions instantly. Time is also necessary for reflection and emotional change before a new situation is accepted. Information, perceptions and beliefs cannot be preserved; therefore, a different structure from material delays was developed to represent them (Sterman, 2000) .
The next section presents the methodology developed based on the problem description and a dynamic problem definition, with the formulation and analysis of a simulation model based on a standard case presented by Larsen et al. (1997) and Roberts et al. (1983) .
Methodological aspects
A revelatory single-case study with a descriptive approach was developed to obtain a deeper understanding of the dynamics of the logistics outsourcing process. The study was based on a large multinational company (fictitiously named Global) that outsourced its physical distribution operations over a period of four years. In this research, a contemporary phenomenon, such as the logistics outsourcing process, was studied in its actual Brazilian dynamic context, and the borders between them were unclear (Yin, 2009; Eisenhardt, 1989) . All of the data and information were obtained from documents and were triangulated with interviews with three important stakeholders in the process:
Global's project manager; Global's operations manager, who continued as the 3PL provider's operations manager after the outsourcing process; and the 3PL provider's general manager, who participated in all of the steps of the logistics outsourcing process. The case is also considered revelatory because real data and information on outsourcing projects of this magnitude can rarely be obtained and the process and results analyzed (Yin, 2009 ).
All of the information is real. However, to maintain the company's confidentiality, specific sales and cost values were changed, but proportions were retained. Global sells consumer product goods (CPGs) and is a market leader in its segment (home and personal care). The Distribution Center (DC) supplies retailers within a radius of approximately 1,000 km from the DC.
Logistics outsourcing phases
The problem description was developed in the following five phases based on Sinh & Langley (1997) framework.
Process of Identification of the Need to Outsource the Logistics Function:
Global's most important international competitor began operations in Brazil. Logistics was among its competitor's key competencies. Global conducted all of the economic and financial evaluations and studied alternatives to improve its logistics. This phase lasted eight months. During this phase, there was a non-official information leakage of the outsourcing project to Global's employees.
Process of Evaluating and Selecting the 3PL
Provider: Global noted that to secure the required knowledge to pursue the project, they had to invite two international, industry-leading 3PL providers in the CPG sector. This process lasted 10 months. Global expected to reduce its transportation costs by 10% and its warehousing costs by 25%. Transportation accounted for 70% of the distribution costs, and warehousing accounted for 30% of the distribution costs. Both types of costs were responsible for 6% of the total sales. The warehousing costs were composed of 80% fixed costs and 20% variable costs.
Process of Preparing or Planning for the Implementation of Outsourced Operations:
In this step, a detailed project and integration plan was developed. The winning 3PL provider provided a distribution network study and processes review and designed a new DC that was constructed by another party. The hiring and training of personnel also occurred in this step and lasted for 18 months.
Process of Implementation or Start-up of Outsourced Operations:
This phase lasted for 10 months because of the significant complexity of the outsourced operations.
Stabilized Operations (ongoing):
Following the 10 initial months of the previous phase, the operation reached stability. The initial contract length was 60 months (five years), a commonly suggested contract period for 3PL providers.
The ex-ante period is the time before the 3PL provider assumes control over the operations (steps 1 through 3), and the ex-post period is the time after which the 3PL starts operations for its customers (steps 4 and 5).
Variables of the dynamic problem
The problem was characterized based on the following four basic aspects (Roberts et al., 1983) :
Perspective: The perspective of this study is that of the outsourcing decision maker in the contracting company (Global).
Time Horizon: The ex-ante period lasted for 36 months, while the ex-post period lasted for 60 months, including 10 months to stabilize operations.
Reference Modes: These modes relate to the problem behavior and how it changes over time. The reference modes are included as operational performance indicators during the outsourcing process and were based on real data on Global's outsourcing process. Table 1 shows how the indicators (on-time deliveries, inventory differences and returns) change during different outsourcing process periods: at the beginning of the process (t0), the time immediately before the 3PL provider assumed operations (t36), the first month of the 3PL provider's operations (t37) and when stabilization was achieved (t46).
Policy Options: Roberts et al. (1983) show that policy options may be used initially to identify the possible actions to change unwanted system behaviors. It is important to avoid making even minor changes to the model and the causal loops and flow diagrams. The policies suggested were the following:
1. Reduction of the ex-ante period; 2. Operations monitoring during the ex-ante period:
a. Reactive monitoring: only monitor when operations attain a specified minimum level of acceptance;
b. Pro-active monitoring: from the beginning of the outsourcing process, monitor internal operations.
In this context, monitoring entails actions such as increasing the supervision, the auditing and/or the security screening of the following:
• Product shipping and receiving;
• Inventory control;
• Delivery delays; and • Warehouse, to prevent shrinkage and thefts. Table 2 shows the other costs that were considered in the model that are related to the transaction costs and the switching costs.
The system's variables, parameters and components collected from interviews with the key informants were displayed through the phases of the logistics outsourcing process as indicated in Figure 2 . This figure clearly shows in which phase each variable, parameter and component are important and when their influence begins and ends. Using SD and the simulation software program VENSIM, the pertinent iterations between all the system's variables and factors were considered. Although models are simplified representations of reality with an objective in mind and with logistics outsourcing being a highly complex process, this model will develop an understanding of the behavior of a real system and, in this way, will provide information about the complex relations within that system. The use of the simulation software is justified because this study aims to analyze a problem that is not a programming problem. Following Sterman (2000) , this software was also used because it is free and easy to access.
Formulation of the Simulation Model
Causal loop diagrams and/or flow diagrams must be developed to build the simulation model.
Causal loop diagrams
The flow diagrams in Figure 3 show the basic financial structure of the developed model. The cash flow for the operation's costs before the outsourcing, the switching costs, the costs with the 3PL operations and the possible income from the sales of assets were compared to the costs of the operation with no outsourcing. The latter constitutes the baseline for the study. Subtracting from the baseline the actual cost of the logistics outsourcing process generated a net cash flow that included a net present value (NPV) that was determined using the weighted average cost of capital (WACC) provided by Global.
Furthermore, it is important that the process be initially defined as two phases: the first phase is the ex-ante phase, which occurs before the operations commence with the 3PL provider, and the second phase is ex-post phase, which occurs after the 3PL provider's operations begin. This structure is necessary because certain important components are in the first phase but not in the second phase and vice versa. Additionally, a number of components transition between both phases. In the first phase, Global's internal process is evaluated with respect to its relationship with its employees and how information leakage influences the logistics outsourcing process results. In the second phase, the interaction of the learning process through training and the acquired operational experience of the hired company occur over time, as described by Denrell et al. (2004) , to reach operational stabilization in the minimum possible time. The ex-post positive result may be determined more quickly if there is a minimum desirable period for planning the implementation of outsourced operations in the ex-ante period. However, this matter must be carefully treated because the longer the planning period, the worse the ex-ante results are, given the information leakage effect. Ex-ante period: It is important to determine the variables and parameters that directly influence the result of the logistics outsourcing project in the latter's initial phases. In this period, Global's employees have an important role in the process but not afterwards in the ex-post period. Information leakage to the employees about the project reduces employee morale, in turn affecting on-time deliveries; the quality of shipments, which causes more returns; and the inventory differences due to either reduced operational quality or internal theft.
It is necessary to understand how changes in returns and on-time deliveries affect sales and to quantify the margin of the lost sales resulting from the logistics outsourcing process. The increase or reduction in sales depends on the time lag for the clients to perceive the reduction or the increase of on-time deliveries or order accuracy. The on-time deliveries, the inventory differences and the returns are influenced by employees' work, which in turn is influenced by the quality of the work of Global's employees and by any of their inadequate actions. If sales and inventory differences are within an expected range, then there will be an acceptable level of trust in the employees' performance that, in turn, increases their morale and provides positive feedback to the process (illustrated in Figure 4 ). In the case of inventory differences, the company takes time to acknowledge that a problem exists because of administrative processes reporting delays. When Global realizes there is a difference, the company must adjust its inventories and production scheduling to meet adequate inventory coverage or turns. It is assumed in the model that sales are stable and do not exhibit seasonality.
The structure described generated six reinforcing loops and one balancing loop in the causal loop diagram as shown in Figure 4 .
For example, if employee morale increases due to increases in trust, there will be increases in quality, on-time deliveries, sales and trust. In this structure, it is important to include a particular item required by the outsourcing process, namely, the information leakage to employees about Global's outsourcing intentions and how these intentions affect employee morale. The information leakage can be observed on the left side of the diagram in Figure 4 .
To continue to develop the diagram, it is important to include the time for each phase of the outsourcing process as discussed above. The longer the ex-ante period is, the larger the negative impact of the results of inventory differences, returns and on-time deliveries is. The policy options of the ex-ante period reduction and the ex-ante period employee monitoring were also included.
Ex-post period: This period refers to the time subsequent to the 3PL company beginning operations. During this period, the employees work for the 3PL provider, but the new employees must acquire experience in Global's operations. This process requires time, so the stabilization of operations is delayed.
Global will monitor the 3PL provider in accordance with the literature on transaction costs.
The 3PL provider has objectives in terms of inventory differences (0.02%), on-time deliveries (95%) and returns (2%); these objectives were stricter than Global's. The diagram in Figure 5 also shows that if the time to prepare for implementation of the outsourced operations is too brief and does not allow sufficient time to plan and to train future new employees, then the stabilization time will increase. A higher cost subsequently results because the objectives are not achieved within the desired timeframe. Figure 5 shows one balancing feedback loop that is caused by sales variation and production as well as inventory balancing towards the target for inventory turns.
Switching Costs and Asset Sales Revenues: Next, it is important to consider the two other aspects directly related to changing from an internal to an outsourced operation. The major switching costs to be considered are the inventory moving costs (from the old warehouses to the new DC) and the severance payments for Global's former employees. These expenses must be considered in the cash flow of the project at the appropriate time.
Although there could be asset sales revenues (old warehouse or equipment sales), in this case, there were no revenues because Global rented the warehouse, and its equipment was old and depreciated, with approximately null salvage value. Figure 6 shows the complete causal loop diagram for the project. The large sub-processes are enhanced to help the reader understand the diagram's structure. The central section shows Global's basic structure and relates production, inventory, shipments and sales. The top section shows the ex-ante period. The bottom section shows the ex-post period, when the 3PL assumes operations. The left side shows the different project times related to the phases of the outsourcing project. The bottom right side shows the transaction costs and asset revenues, and the middle right side shows the final result, i.e., the cash flow that will be used to calculate the project's NPV.
Flow diagrams
The following flow diagrams, as mentioned in Figure 3 , are presented as an evolution of the dynamic model-building process.
Total cost of Global's internal operations (not yet outsourced)
Based on the causal loop diagrams, it would be necessary to financially quantify the ex-ante and ex-post operations and the switching costs and revenues from the sales of assets. However, it is also necessary to develop a base case for cost reference purposes of the non-outsourced operations to compare them to the outsourced project's costs and to determine whether the result of the logistics outsourcing process was positive or negative. These costs embrace initial warehousing and transportation costs, inventory differences and return costs, which are costs that refer to the period preceding the start of the logistics outsourcing process (Figure 7 ). In the case of the inventory, the differences were calculated based on Global's average inventory level.
Sales, production, inventories and distribution
The creation of a basic structure for sales, production, inventories and distribution for Global is also important. Sales influence production and shipments. There are sales flows starting in the inventory of products in production, where end-products are taken to inventories and are stocked and subsequently flow at a determined shipping rate to clients (Figure 8 ).
Sales are determined by inventory differences, returns and the level of on-time deliveries in both periods, before and after outsourcing. Sales variations affect inventories and production. Managerial reports require time to be generated; thus, there is a delayed reaction to adjust production and for the clients to react to a more favorable or less favorable delivery performance from vendors. An internal delay is also included to ship a sales order due to an internal order cycle, which is the time from when the client receives an order from a salesperson or even an electronic data interchange (EDI), which includes consistencies and a credit analysis, until it is physically loaded onto a vehicle for delivery. In this case, a 3-day delay was considered. This value is used because Global's internal information flow times and the physical flow of the products are considered. All of the times corresponding for this step were aggregated into a constant in the model, specifically, a sales orders shipment delay.
Information leakage costs and employee morale
It is necessary to represent the information leakage and employee morale in the model as shown in Figure 9 . Both are represented as stocks that have outflows due to a morale loss caused by the information leakage of the logistics outsourcing process to employees in an informal or formal way, similar to the propagation of an epidemic model (Sterman, 2000) .
Thus, each employee contacts other working peers at a specific daily rate. The employees will not necessarily discuss the outsourcing process when they meet because different employees may possess different degrees of knowledge, but it is understood that because it is important news, an employee would likely tell another employee about what is happening. The rate of information propagation would then equal the number of employee contacts multiplied by the probability that the contact would meet another employee who knows the information multiplied by the probability that a knowledgeable employee discusses the outsourcing process. It is assumed that at least one employee receives the information, and because he or she contacts other employees who do not know about the logistics outsourcing process, the information is consequently propagated. As employees work together and in shifts, the information transmission process is rapid, and a month is almost enough time for all of the employees to become informed about the logistics outsourcing process.
Information propagation lowers employee morale and thus impacts the overall quality of employees' work, possibly generating less than acceptable employee performance and hence inventory shrinkage and thefts. Inventory differences may be explained partly by the low quality of an employee's work resulting from errors in the quantities shipped or shrinkage and thefts. In turn, more clients receive orders with shortages or overages, thus increasing the number of client returns. The model internally generates its own limitation or adaptations, thus decreasing its service levels because employees will not expose themselves if changes are too drastic.
The costs of monitoring Global's employees
Global's monitoring costs (Figure 10 ) depend on the trust it maintains with its employees. It is believed that because there are operational problems, despite delays in internal managerial reports, the company could react and start monitoring its operations to prevent losses. Employees' trust of the company was represented as a stock that may increase or decrease due to on-time deliveries, returns and inventory differences.
To represent the monitoring starting point, a trustmonitoring trigger was created. In this study, a decrease of 10% in trust would trigger normal monitoring in a reactive form. At this moment, monitoring starts increasing in terms of the costs and actions that affect job quality and shrinkage. These actions take time to have an effect because they may start with the planning of certain actions and because it could take time until these actions are implemented. These times and delays, which occur before the monitoring action begins yielding positive results, are represented as the time to adjust shrinkage and quality.
The learning cost of the 3PL provider's employees
As an important part of 3PL provider's cost structure, in addition to the normal fixed and variable costs that were considered in the model, its employees' learning process will stabilize the operation as shown in Figure 11 . The ex-post costs are highly influenced by the process immediately before commencing the outsourced operations or the process of preparing for the implementation of the outsourced operations. If the time is longer than necessary, then there will be unfavorable consequences related to the ex-ante costs. However, if the time is briefer than necessary, then it will take more time than necessary to stabilize operations.
Knowledge is a stock that accumulates learning from training and experience. If the minimum time for preparation before the operational start is fulfilled, then the operations are stabilized in a satisfactory and efficient manner. Previous learning from training is applied in the operation and is expanded upon by the employees' experience when on the job such that in practice, their learning also results from successes and failures. This result also affects the inventory differences, returns and the on-time delivery results of the 3PL provider. The inventory differences were not calculated because the 3PL provider has an allowance for inventory differences of 0.2%. Thus, if the difference exceeds this percentage, then Global will charge the 3PL for inventory differences.
Analysis of the model
The analysis of the model considers all three policies (the reduction of the ex-ante period and the internal monitoring as a reactive or proactive process) for operations implementation, the length of the contract with the 3PL and the interest rate (IRR -internal rate of return based on the WACC).
The model of the final base scenario contains 57 real variables, 60 constants for parameterization and two binary variables. With SyntheSim's functionality and the development of a Control Panel, it is possible to perform continuous simulations of the model's main parameters to evaluate the results nearly instantaneously. The model also allows the user to change the parameters with sliding controls defined from minimum and maximum values; the user can also insert customized graphs of specific variables in the Control Panel. In this study, a graph for the dynamic NPV and a customized graph that shows sales, production, inventories and shipment reactions were included (Figure 12) .
The following parameters were included in the Control Panel to evaluate the results of the outsourcing process more efficiently: • Duration of each of the logistics outsourcing phases in months. This duration is considered to be crucial in determining the project's success.
• Interest rate (WACC or internal rate of return): the higher the interest rate is, the smaller the influence of positive future results will be because of the ex-ante losses. The contrary is also true and will predict when the break-even point will occur with respect to changes in the other parameters.
• Target for inventory turns: if higher inventory turns are expected, the lower inventory is retained by Global, thus directly affecting inventory balance differences and sales losses.
• Net Margin: net margins directly influence sales losses resulting from late deliveries and returns.
• Expected Savings (warehousing and transportation): these expected savings will directly influence the project's positive cash-flow results.
• Internal Monitoring Switch: binary variable that, when equal to one, allows the activation of this monitoring either reactively or proactively.
• Minimum Trust Level: represents a minimum percentage of internal acceptance of the deterioration of Global's operational performance indicator results. A 90% level indicates that a 10% reduction in the operational results will trigger the internal monitoring process in a reactive form as described above. To generate a proactive internal monitoring process, the trust level must be maintained at 100%; thus, monitoring will be performed independently of operational results.
Policy options
The first policy suggests a straightforward reduction of the ex-ante period. The second policy advises an ex-ante monitoring of Global's internal operations, thus reducing the impact of the information leakage of the logistics outsourcing project. In this analysis, two monitoring possibilities can be considered: (1) internal ex-ante monitoring results from a reactive process when Global notices reductions in the operational results, thus reducing employee trust and triggering an internal monitoring process and (2) monitoring as a previously defined policy because, once the logistics outsourcing process begins, internal monitoring also begins (proactive ex-ante).
5.1.1. Reduction of the ex-ante period losses from being recovered during the outsourcing process contract. At the least, it may lower the losses in lengthy ex-ante processes (longer than 30 months). It was observed that when the ex-ante processes lasted for less than 24 months, the contracting company was seldom able to react by strictly monitoring its employees once the level of the operational results failed to reach a point that was considered to be sufficiently critical to require this type of company reaction. The results of the dynamic NPV are similar when comparing the policy of reactive monitoring with the simple reduction of the ex-ante period because the following requirements were insufficient:
• Cause a sufficient loss in the level of trust in the employees to be noticed;
• Trigger internal monitoring;
• Provide sufficient time for the company to implement this type of monitoring.
Internal monitoring as a proactive process
For internal monitoring to occur proactively, the company must be aware that problems with the outsourcing process may arise and should take the initiative to monitor the operation starting in the first phase of the process. This result is the most positive compared with other policies tested and is sufficiently effective to be implemented alone. Importantly, because this problem generates a positive result over a 36-month ex-ante period, this policy option is sufficiently powerful to influence the results of logistics outsourcing processes. In Global's case, with an ex-ante period of 36 months, earnings of R$ 2,511,650.00 are generated. A reduction of six months in the ex-ante process would increase earnings by 29.2% to R$ 3,243,880.00. Similarly, the earnings increase with each reduction in the ex-ante period as shown in Table 3 .
The break-even point is achieved if the ex-ante period is reduced to 30 months alongside a proactive internal monitoring policy in the 24 th month of operation. This point implies two important conclusions. The first is that the proactive monitoring process accelerates the process of attaining the break-even point, allowing ex-ante processes that must be longer than 24 months to obtain positive results. The second conclusion is that the period to reach this break-even point is the time that should define the minimum length required for the contract with the 3PL provider (in this case, it should not be less than 24 months). For an ex-ante period of 12 months, it was perceived that although the results were only of six months from 36 to 30 would reduce Global's actual losses 96%, that is, to R$ 52,345.00. In other words, during the contract time period of five years, a break-even point would not be attained. Additional reductions of six months to 24 months of the ex-ante period would transform the project's results to a positive R$ 1,602,630.00.
An additional six-month reduction to 18 months will provide Global with a 102.4% increase in earnings compared to the 24-month period. In the case of a 12-month ex-ante process, the earnings will increase 48.6% compared to 18 months, thus equaling R$ 4,822,560.00.
The best scenario would be if the ex-ante period required only 6 months, thus yielding a positive result of R$ 6,270,550.00; unfortunately, a complete logistics outsourcing process of sufficient quality rarely would be completed within six months.
Internal Monitoring as a Reactive Process
Applying internal monitoring as a reactive process facilitates a less negative result in the long ex-ante process (30 months or longer). Alternatively, a greater positive result may be obtained if this process requires less than 30 months. It is important to understand that delays will occur in this type of monitoring because of the time required to generate the information, planning and implementation of stricter supervision, audits and surveillance. These delays prevent previous months in this process can double the return on the overall project. An additional six months' reduction, that is, reducing the ex-ante process to 12 months, yields greater earnings, although not as large as the last ex-ante time reduction because, in this case, there is an increase of an additional 48.6% in total returns, or R$ 4,822,560.00.
In the case of Policy 3, the results for long ex-ante periods were also favorable, providing positive results over a briefer timeframe, from an ex-ante period of 36 months to six months, and better results for all of the analyzed periods. Thus, this policy is sufficiently powerful and was recommended in all of the logistics outsourcing processes.
The length of contracts in logistics outsourcing
The length of the ex-ante process and the implementation (or lack thereof) of the various policies should influence the lengths of the contracts to be signed with the 3PL provider. If the length is too short, there is the risk that the break-even point would not be achieved. If the length is too long and the conditions are unfavorable, the logistics 15.3% better than those of the other policies, the use of this policy should also be desirable in the logistics outsourcing process. Figure 14 compares the results of the two policy options. The red circle shows the actual results of Global's logistics outsourcing process. Both policy options, the reduction of the ex-ante period and proactive monitoring, are superior to the real process that occurred. Table 3 shows that the briefer the ex-ante period is, the smaller the difference is between the three policy alternatives until six months, when the differences between the three options is approximately null (2.4%). The columns refer to the three policies modeled: (1) the reduction of the ex-ante period, (2) the reactive monitoring of internal operations and (3) the proactive monitoring of internal operations.
The baseline results for the 36-month-long ex-ante period show a loss of R$ 1,683,290.00 (shown in row 2 and column 2). In the case of Policy 1 (the reduction of the ex-ante period), the model showed that the time reduction policy is crucial for obtaining a positive result. Compressing this time would transform a loss of R$ 1,683,290.00 into a profit of greater than R$ 6 million (with a total ex-ante period of only six months). In the case of Policy 2, when analyzed with an ex-ante period of 36 months, there was a reduction in losses from R$ 1,683,290.00 to R$ 271,507.00 or an approximately 83.9% reduction compared to Global's real process. This policy could only generate profits if implemented with Policy 1, which generated a reduction from 36 to 30 months in the ex-ante period (R$ 464,125.00). If this period were reduced by an additional six months to 24 months, this policy would not yield additional benefits. This result occurs because the delays in reaction inside Global in terms of operational monitoring were longer than the ex-ante period and could not take effect before the 3PL assumed control of the operations. With an additional reduction of six months, thereby reducing the ex-ante process to 18 months (hence, six months per phase), Global would experience another increase in earnings of 102.4% compared to the 24-month process, thus indicating that a reduction of only six 60 months of the ex-post process) are shown for variations of the IRR (the comparison includes the 2.5% per month mentioned). As shown in Figure 15 , if there were no inflation and no cost for obtaining loans, then the return of the logistics outsourcing process would be high. When an IRR of 0% per month is used, the model yields a result of R$ 21,344,200.00. As the IRR is increased, the project "earnings" rapidly begin to fall because future earnings with the logistics operation are reduced each time the IRR increases, whether by interest rates or inflation, thus making it difficult to overcome the initial transaction and transition costs. It also may be observed that given the model's assumptions, the break-even point would be approximately 5.30% per month. This exercise allows us to see that Global's logistics outsourcing process with an ex-ante period of 12 months and no monitoring has a greater chance of achieving positive returns in times of greater economic stability, for instance, when the interest rates paid by the company are lower than 85.8% per annum (5.30% per month annualized). A reduction of only 1% in the IRR, from 5% to 4% outsourcing process may not produce a positive result. Table 4 shows the number of ex-post months that the model predicts the project will require to attain the break-even point. This time is the minimum reference length of time for the contract, in financial terms, in which the contracting company will not lose money by outsourcing logistics.
On the lines for 30 and 36 months, the recommendation to not outsource is justified by the fact that the break-even point is not attained during the length of time equivalent to the sum of the ex-ante and ex-post periods (considering a five-year contract). The break-even point would be reached only after five years. This result would limit the contracting company's flexibility because it would generate a high transition cost in case the contracting company is no longer interested in continuing with the logistics provider due to contract breaches (transaction costs) that the provider would include in the ex-ante period to guarantee its investments. In all of the cases of ex-ante periods of less than 18 months with the policies of reduction of the ex-ante period and reactive internal monitoring and for all of the ex-ante periods for the proactive monitoring, the break-even point occurs before 36 months. In these cases, contract lengths of three years may be appropriate. In the cases with a 24-month reduction of the ex-ante period and 24 and 30 months of reactive monitoring, the contract lengths should be 5 years to accumulate earnings in the logistics outsourcing process.
The Internal Rate of Return (IRR)
The IRR used for Global's model was 2.5% per month. This rate is important because it is used to calculate the net present value (NPV) of the project. The model was constructed such that variations in the IRR could be simulated to determine whether there was a difference in the sensibility of the logistics outsourcing process because of periods of economic stabilization or, alternatively, of periods wherein inflation and interest rates were higher. In Figure 15 , the NPV results for an example of 72 months (12 months of the ex-ante process plus per month, could make the result approximately six times more positive. In general, the logistics outsourcing processes are feasible when the economy is in a period of low inflation or when the company is paying low interests in its loans, thus yielding a low weighted average cost of capital (WACC) (less than 5.30% per month).
Final considerations
The most important conclusion is that the ex-ante period in the logistics outsourcing process is crucial for determining the financial results of the logistics outsourcing process. The reduction of this period alongside the use of a proactive monitoring policy of internal operations increases the positive results of the contracting company. The length of the ex-ante process and the implementation (or lack thereof) of the mentioned policy options are the considerations that will define the length of the contract to be signed with the logistics provider. If the contract length is too short, then there is a risk that the break-even point of the project will not be achieved. If the length is too long, then the conditions will not be favorable, and the logistics outsourcing project will produce a negative result.
It is considered important to outsource during periods of low inflation and low interest rates in a stable economy and when the contracting company is likewise financially stable. If the contractor is not financially healthy, outsourcing could cause more damage than benefit.
A limitation of the research is that the demand forecasting is considered an endogenous variable, that is, a consequence of Global's real sales. In fact, most companies must forecast their demand to plan their production. A more comprehensive model would be able to simulate the demand forecasting process using different methods. Production planning would also be affected by forecasts, but in this model, this depends on the changes in sales following a target of inventory turns.
Future research could evaluate different levels of outsourcing (whole operations outsourcing vs. manpower-only outsourcing), the earnings as a consequence of collaborative logistics (3PL provider with shared infrastructure vs. dedicated) and the details regarding fixed and variable costs while taking into consideration the scale, complexity and infrastructure (physical and IT) of the operation.
